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INTRODUCTION 
Cyclohexane is obtained by the reduction of benzene with hydro-
gen over a nickel catalyst at about 200° C. This reaction is known 
as the Sabatier and Senderens reaction (1). The reduction of phenol 
with hydrogen at high pressure by the aid of a nickel catalyst gives an 
excellent yield of hexa...1zy-drophenol (2) . This product is properly known 
as cyclohexanol because it is a secondary alcohol related to cyclohexane 
and does not belong to the class of phenols. The oxidation of cyclo-
hexanol by the use of nitric acid yields cyclohexanone which may be 
further oxidized to adipic acid (3). 
Widespread industrial applications of the compounds cyclohexane, 
cyclohexanol, and their derivatives are solvents for rubber, lacquers, 
plasticizers, insecticides, and nylon intermediates (19). 
The freezing points, densities, and refractive indices are known 
for the individual compounds: cyclohexane, cyclohexanol, and cyclo-
hexanone; however, information is lacking concerning the binary and 
ternary systems with cyclohexane, cyclohexanol, and cyclohexanone as 
components . Information furnished by this investigation will be use-
ful in identifying and establishing their purity, and in quantitative 
analysis of their solutions . The purpose of this investigation is to 
contribute data concerning the system; cyclohexane, cyclohexanol, 
cyclohexanone and the relation to the fields of organic, physical, 
and analytical chemistry. A further purpose is to construct a solid 
prismatic freezing-point model of the system: cyclohexane , cyclohexanol, 
and cyclohexanone. 
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General Properties of Solutions 
The most marked characteristic of the liquid state is t hat a 
given mass of liquid has a definite volume but no definite form. 
Since the volume of a liquid depends largely on the temperature and 
to a lesser degree on the pressure exerted on the liquid, the 
formulas in which the volume of a liquid is expressed as a function 
of temperature and pressure are largely empirical arrl contain con-
stants dependent upon the nature of the liquid. This is undoubtedly 
due to the fact that in the liquid state the mobility of the molecules 
are intermediates between solids and gases (7). 
A solution may be considered as a homogeneous mixture of two 
or more pure substances. While the composition of a compound is fixed, 
the composition of a solution can be varied within certain fixed limits (23). 
Solutions may actually be very complex in composition, containing for ex-
ample, molecules of several compoundso 
An ideal solution is one in which no special force of attraction 
exists between the components of the solution, and no change in internal 
energy is produced on mixing. This means that if two substances A and 
Bare similar in chemical composition, the intermolecular forces between 
a molecule of A and a molecule B will be practically the same as the 
forces between two molecules of A or of two molecules of B. When 
liquids of this type are mixed to give an ideal solution, there is 
no heat effect on mixing, and the properties are strictly additive (4). 
While the freezing points of some binary solutions may be theoretical 
linear functions of the compositions, most of them exhibit maxima or 
3 
minima. 
Several different types of freezing point-composition curves 
are exhibited by binary solutions. The six figures on the following 
pages represent some of the simpler freezing point curves found in 
binary solutions. Figure 1 represents the typical phase diagram for 
a binary solution the components of which A and B, crystallize in a 
pure state from solution. Ta and Tb are the freezing points of A 
and B respectively and the curve TX is the freezing point curve of a 
A as lowered by B. Similarly TbX is the freezing point curve of Bas 
affected by the presence of A in solution. At the intersection of the 
two curves is the eutectic point where there are four phases (if the 
vapor is present) and hence by the phase rule no degrees of freedom. 
The eutectic is, therefore, an invariant point (24). 
In case A and B form a crystal line compound, the appearance of 
a new phase will be indicated by a break in the freezing point curve 
as shown in Figure 2. The maximum of the freezing point curve lies at 
the composition corresponding to the com.pound. At this com.position 
the system behaves as a pure substance • .Any change in composition has 
the effect of adding an impurity and hence lowering the freezing point. 
The maximum in the curve will be flat or sharp, depending upon whether 
the compound is large]y dissociated in the liquid state or note . A 
system of this nature has two eutectics (25). 
Figure 3 represents a simple freezing point depression curve. 
In this type curve the freezing point of the system lie between those 
of the components. 
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A freezing point curve exhibiting a maximum is illustrated by 
Figure 4 (13). This type of equilibrium is not common; it is seen 
that each component raises the freezing point of the other. 
Sometimes the compound formed is so unstable that it decomposes 
completely at a temperature below its melting point, so that the solid 
cannot be in equilibriurn with a liquid having the sanIB composition as 
itself. The compound, therefore, has no true freezing point (14). The 
phase-equilibrium diagram for this type of behavior exhibits an in-
congruent freezing point as shown in Figure 5. 
A number of systems of which the solid components are completely 
miscible have freezing point curves with a minimum as in Figure 6. At 
the minimum point, solid and liquid in equilibrium have the same com-
position (15). 
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Explanations for the deviations from the ideal solutions may 
be offered from the stuey of the phenomena of association, dissoci-
ation, hydrogen bonding and dipolar effects. 
Since the molecules of a liquid are very close together, they 
may tend to associate or polymerize. The aggregates formed may con-
sist of a definite number of molecules and are continually breaking 
up and reforming (26). If association occurs in a physical system, 
the effective number is reduced, and the freezing point is lower than 
that predicted for the ideal case. 
Physical chemists have attempted to define a 11normal11 type 
liquid, but it is recognized that the varying degrees of association 
varies differently with the temperature in different liquids. There 
is no experimental method by which the degree of association can be 
determined, granting that it can be defined (27). 
Another common form of deviation occurs when components A and 
B partially combine in the liquid phase to form a third substance AB. 
In such cases, the deviation from ideality is often said to be due to 
salvation, or molecular compound formation. 
In some cases the molecules of one component dissociate to 
form two or more molecules, thus increasing the effective number of 
molecules and giving rise to freezing point depressions greater than 
those calculated for the ideal case. 
One of the mechanisms of interaction leading to non-ideal 
solutions is that in which a hydrogen bond oan be formed, making the 
A--B attraction greater than the A--A or the B--B attraction. These 
7 
strong dipole-dipole interactions are of sufficient strength to form 
an addition compound (30). 
The same type of molecular interactions also produce deviations 
from ideality in ternary solutions (6). These effects are illustrated 
by the occurrence of ternary eutectic points, ternary compound forma-
tion, and other types of similar behavior. 
8 
:METHODS OF INVESTIGATION 
Since the freezing point of a solution is a function of solution 
composition, it is necessary that a sufficient number of solutions of 
varying ~ompositions be studied to determine the type of freezing point 
curves and to locate possible eutectic points. 
The conditions of equilibrium between solid and liquid in a two-
component system may be considered from two points of view. If the 
liquid mixture is in equilibrium with the solid phase of the component 
present in excess, that is, the substance generally called the solvent, 
then the solution is said to be at its freezing point. The curve 
representing the variation of this temperature with the composition 
of the liquid system is referred to as the freezing point curve. On 
the other hand, if the solid phase of the substance present in 
relatively small proportion in the mixture is in equilibrium with 
the liquid, the system is said to be saturated solution, and the 
variation of composition with temperature is represented by a 
solubility curve (16). There is, however, no fundamental difference 
between solvent and solute, and the distinction between solubility 
and freezing curves is merely a matter of convenience. 
Theoretically, freezing points and melting points are the 
same . However, in actual practice a small difference may be found 
between the two values. Since the solutions must be cooled to the 
point of crystal formation or solid and liquid phase equilibrium, 
the freezing points will be studied in this investigation. 
9 
The physical constants of relative densities and refractive 
indices will also be determined because they offer quick and accurate 
information for identification purposes. 
10 
EXPERIMENTAL 
Material Used 
The cyclohexane, cyclohexanol, and cyclohexanone used in 
this investigation were obtained from the Matheson Laboratories, 
Inc. Since further purification was desired, the compounds were 
distilled by the use of ground glass distillation apparatus, woven 
glass fabric heating mantle, and a General Radio Company variac 
heater. Onzy the middle fraction of the distillation range of each 
compound was retained for use in this work. Physical constants of 
the materials used are shown in Table I. 
TABLE I 
PHYSICAL CONSTANTS OF MATERIALS USED 
Constant 
FP (° C) 
n2o 
4 
n20 
D 
FP (° C) 
nfO 
nl5.J 
D 
FP is freezing point . 
Literature 
Cyclohexane 
6.5 (8) 
0.7790 (8) 
1.4273 (9) 
Cyclohexanol 
23.9 (8) 
0.9620 (8) 
1.4606 (10) 
Cyclohexanone 
-45.o (21) 
0.9490 (11) 
1.4526 (12) 
Experimental 
6.5 
o. 7693•'" 
l.4239~ 
23.9 
0.9413* 
1.4647-:Hc 
-45.o 
0.9367* 
1.4481-!.'-l:-
nlO indicates density at 30° C. assuming the density of water as 
one at 4° C. 
~5 indicates refractive index for the D line of sodium at 25° C. 
* indicates determination made at 30° c. 
iH<- indicates determination made at 27° C. 
11 
12 
Preparation of Samples 
In order to plot valid smooth curves and detect eutectic points, 
the sample solutions were mixed to vary in composition by 10 mole per 
cent by weight. The mole fraction of solute may be defined as the 
number of moles of solute divided by the total number of moles present 
_____ m_o_l_e_s_s_o_l_u_t_e ____ • Similarly, the mole fraction of solvent 
moles solute + moles solvent 
is the number of moles of solvent divided by the total number of moles 
present moles solvent The sum of the mole fractions 
moles solute + moles solvent 
of all components of a solution is one (28). 
The following example is typical of the procedure used for 
calculating a binary solution: 
Solution No. 
2 
Mol. Wt. Cyclohexane 
84 .. 16 (20) 
Mol. Wt. Cyclohexanol 
100.16 (20) 
9(Cyclohexane) -9-~-Cy-cl-o~h~e~x~an-e~)-+--l~(-Cy-c~lo_h_e_x_an_o~1-5- - Mole fraction Cyclohexane 
The mole fraction was multipled by 100 to convert it to mole 
per cent on a 100 gram basis and t his weight divided by two to make 
a 50 gram sample. 
The exemplary problem then becomes: 
9(84.16) (100) - 44.16 grams of Cyclohexane 
9(84.16) + 1(100 .16) (2) 
1(100.16) (2) 
1(100.16) + 9(84 .16) (2) = 
5.84 grams of Cyclohexanol 
The 44 . 16 grams plus 5.84 grams was thus a 50 gram sample 
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mixture of 90 mole per cent cyclohexane and 10 mole per cent weight 
of cyclohexanol. 
The ternary mixtures were calculated in a similar manner making 
a total of 66 solutions. This total number consisted of 30 binary 
solutions and 36 ternary solutions. All samples were weighed on an 
Ohaus trip scale balance with a sensitivity of O.OS grams and placed 
in screw cap bottles. 
Solution No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Solution No. 
1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
TABLE II 
COMPOSITIONS OF BIN.ARY SOLUTIONS 
14 
System: Cyclohexane -- Cyclohexanol 
Mole% Cyclohexane 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
Mole% Cyclohexanol 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
System: Cyclohexane -- Cyclohexanone 
Mole% Cyclohexane 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
Mole% Cyclohexanone 
01 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Solution No. 
11 
22 
23 
24 
25 
26 
27 
2B 
29 
30 
21 
TABLE II (Continued) 
COMPOSITIONS OF BINARY SOLUTIONS 
15 
System: Cyclohexanone -- Cyclohexanol 
Mole% Cyclohexanone 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
Mole% Cyclohexanol 
100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 
Solution No . 
31 
32 
33 
34 
35 
36 
37 
38 
Solution No. 
39 
40 
41 
42 
43 
44 
45 
TABLE III 
COMPOSITION OF TERN.ARY SOLUTIONS 
Series : 10% Cyclohexanone 
Mole% Cyclohexane 
10 
20 
30 
40 
50 
60 
70 
80 
Series: 20% Cyclohexanone 
Mole% Cyclohexane 
10 
20 
30 
40 
50 
60 
70 
Mole% Cyclohexanol 
80 
70 
60 
50 
40 
30 
20 
10 
Mole % Cyclohexanol 
70 
60 
50 
40 
JO 
20 
10 
16 
Solution No. 
46 
47 
48 
49 
50 
51 
Solution No. 
52 
53 
54 
55 
56 
Solution No. 
57 
58 
59 
60 
TABLE III (Continued) 
COMPOSITION OF TERN.ARY SOLUTIONS 
Series: 30% Cyclohexanone 
Mole% Cyclohexane 
l.O 
20 
30 
40 
50 
60 
Mole% Cyclohexanol 
60 
50 
40 
30 
20 
10 
Series: 40% Cyclohexanone 
Mole% Cyclohexane 
10 
20 
30 
40 
50 
Series : 50% Cyclohexanone 
Mole % Cyclohexane 
10 
20 
30 
40 
Mole% Cyclohexanol 
50 
40 
30 
20 
10 
Mole% Cyclohexanol 
40 
30 
20 
10 
17 
Solution No . 
61 
62 
63 
Solution No. 
64 
65 
Solution No . 
66 
T.ABLE III (Continued) 
COMPOSITION OF TERN.ARY SOLUTIONS 
Series : 60% Cyclohexanone 
Mole% Cyclohexane 
10 
20 
30 
Mole% Cyclohexanol 
30 
20 
10 
Series : 70% Cyclohexanone 
Mole% Cyclohexane 
10 
20 
Mole% Cyclohexanol 
20 
10 
Series: 80% Cyclohexanone 
Mole% Cyclohexane Mole% Cyclohexanol 
10 10 
18 
Graphical Representation of Composition on 
Triangular Base 
Two-component systems are represented conveniently on rec-
tangular coordinates with percentage composition plotted along one 
axis and a measured property, such as freezing point, along the 
othero The percentages of component A and component B always add 
to 100 per cent (5) . 
In a three-component system, tbe percentages of the three 
components add to 100, and it is necessary to use an equilateral 
triangle with triangular coordinates . Each of the three vertices 
19 
of the triangle represents one pure component, and each side is 
divided into 100 equal parts corresponding to percentages. The pure 
component, cyclohex.ane, thus r epresents one vertex of the triangle, 
cyclohexanol represents the second vertex of the triangle, and cyclo-
hexanone represents the third vertex of the triangle. 
Composition corresponding to any point within the triangle is 
readily obtained by counting the percentage toward the cyclohexane 
vertex, the percentage toward cyclohexanol, and the percentage toward 
cyclohexanone . These three percentages add to 100. If the figure is 
turned successively with each vertex at the top, the scale of per-
centage composition is found at the right. The vertex represents 100 
per cent of the material indicated at the vertex. 
Solution numbers representing the indicated solution composition 
are plotted on the triangular coordinates. 
20 
21 
Freezing Points 
The melting or freezing point has been defined as the tempera-
ture at which the solid and liquid phases are in equilibrium (17). A 
modified form of Beckmann molecular weight freezing point apparatus 
was used for all freezing point determinations (29). In place of a 
Beckmann differential thermometer, a low temperature, alcohol filled 
thermometer was employed. 
This thermometer was calibrated by determining the apparent 
freezing points of pure tertiary-butyl alcohol, carbon tetrachloride, 
chloroform, and water. These substances were purified by redistil-
lation and only the middle fraction was retained for the thermometer 
calibration. 
Substance 
tert-Butyl 
Water 
CCl4 
CHC13 
'l'ABLE IV 
CALIBRATION OF FREEZING POINT THERMOMETER 
Thermometer 
Reading(° C) 
Alcohol 24.3 
o.5 
- 21.9 
- 61.0 
Freezing 
Point(° C) (22) 
25.5 
o.o 
- 22.9 
- 63.5 
Correction 
-t 1.2 
- o.5 
- 1.0 
- 2.0 
0 -3 
0 -2. 
'-.J - I 
0 
'2 I 
0 2. 
.3 
0 
w 
°' ct. 
C) 
(J 
I I I 
I I 
I I 
I i 
·-~ - · 
I I 
I 
+ri-· -I 
...J _ _u_:_ . . ,-
_L_ ·- · I 
I I I 
22 
I 
-- -
I I I 
I I I I 
I I I I 
I_J 
I I I I I 
I I T I i- I I :--r:-cp=r 
I 
I j_j __ L ._ .. . ·-· - ' _!__J_j I I I .~J':;i ~--!.~I I ,_ I .• , ! I I -· 
! I I I I I - • -I __ LI_ ! __ .I I -I I I I I I I 
T HERMOME:TER READING c•c) 
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The sample solutions were placed in a bath of crushed Dry Ice 
and stirred vigorously while being cooled . As soon as crystals began 
to form, the bottles were removed from the bath, and rapid stirring 
was continued while the temperature on the thermometer was recorded. 
The vigorous stirring was necessary to overcome any supercooling that 
might be present . In every case the temperature recorded was the 
maximum temperature at which the thermometer reading was constant 
for several seconds at an equilibrium mixture between the liquid and 
solid phases . 
Acetone was added to the crushed Dry Ice bath at temperatures 
below -35.o° C. Frost collection on the outside of the bath and 
bottles at these colder temperatures reduced the visibility; however, 
swabbing the bottles with acetone proved to be of some help. 
A minimum of three readi ngs were taken on each solution; the 
values shown in the tables are the arithmetic means of the determin-
ations. 
Solution No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Solution No . 
1 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
TABLE V 
BIN.ARY FREEZING POINTS 
System: Cyclohexane -- Cyclohexanol 
Mole% Mole % 
Cyclohexane Cyclohexanol 
100 0 
90 10 
80 20 
70 30 
60 40 
50 50 
40 60 
30 70 
20 80 
10 90 
0 100 
System: Cyclohexane -- Cyclohexanone 
Mole% Mole % 
Cyclohexane Cyclohexanofte 
100 0 
90 10 
80 20 
70 30 
60 40 
50 50 
40 60 
30 70 
20 80 
10 90 
0 100 
24 
Freezing 
Point(° C) 
6.5 
6.6 
6.8 
7.4 
8. 2 
9. 7 
11.1 
13.1 
15.4 
17 .9 
23.9 
Freezing 
Point(° C) 
6.5 
1.3 
- 2.4 
- 5o9 
- 9.4 
-13.4 
-18.0 
-22.4 
-27.5 
-33.8 
-45.o 
Solution No . 
11 
22 
23 
24 
25 
26 
27 
28 
29 
30 
21 
TABLE V (Continued) 
BIN.ARY FREEZING POINTS 
System: Cyclohexanone -- Cyclohexanol 
Mole% Mole% 
Cyclohexanene Cyclohexanol 
0 100 
10 90 
20 Bo 
30 70 
40 60 
50 50 
60 40 
70 30 
80 20 
90 10 
100 0 
25 
Freezing 
Point(° C) 
23 .9 
13.1 
5.7 
o.o 
- 5.7 
-10.2 
-14.3 
-17.3 
-22.0 
-30.2 
-45.o 
26 
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Solution No . 
31 
32 
33 
34 
35 
36 
37 
38 
Solution No . 
39 
40 
41 
42 
43 
44 
45 
TABLE VI 
TERNARY FREEZING POINTS 
Series: 10% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 80 
20 70 
30 60 
40 50 
50 40 
60 30 
70 20 
80 10 
Series: 20% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 70 
20 60 
30 50 
40 40 
50 30 
60 20 
70 10 
27 
Freezing 
Point(° C) 
9.8 
7.8 
6.o 
4 . 8 
3.8 
3.0 
2.4 
1.7 
Freezing 
Point(° C) 
3.0 
1.2 
o. o 
- 0.9 
- lo5 
-" 2o0 
- 2.4 
Solution No . 
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47 
48 
49 
50 
51 
Solution No. 
52 
53 
54 
55 
56 
Solution No . 
57 
58 
59 
60 
TABLE VI (Continued) 
TERNARY FREEZING POINTS 
Series: JO% Cyclohexanone 
Mole% Mole% 
Cyclohexan.e Cyclohexanol 
10 60 
20 so 
30 40 
40 30 
50 20 
60 10 
Series: 40% Cyclohexanone 
Mole% Mole % 
Cyclohexane Cyclohexanol 
10 50 
20 40 
30 30 
40 20 
so 10 
Series : 50% Cyclohexanone 
Mole % Mole % 
Cyclohexane Cyclohexanol 
10 40 
20 30 
JO 20 
40 10 
28 
Freezing 
Point(° C) 
- 4.o 
- 4.8 
- J.8 
- J.3 
- J.J 
- 4.2 
Freezing 
Point(° C) 
- 9.8 
- 7.7 
- 6.3 
- 6.o 
- 7.0 
FreezinP-
Point (5 C) 
-12.6 
-10.5 
- 9. 5 
-10. 0 
Solution No. 
61 
62 
63 
Solution No. 
64 
65 
Solution No. 
66 
TABLE VI (Continued) 
TERNARY FREEZING POINTS 
Series: 60% Cyclohexanone 
Mole% Mole % 
Cyclohexane Cyclohexanol 
10 30 
20 20 
30 10 
Series: 70% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 20 
20 10 
Series: 80% Cyclohexanone 
Mole% 
Cyclohexane 
10 
Mole% 
Cyclohexanol 
10 
Free-zin8 Point ( C) 
-15.9 
-14.o 
-14.8 
Freezin8 Point ( C) 
-19.4 
-18.4 
Freezing 
Point ( C) 
-22.9 
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Solid Prismatic Freezing-Point Model 
Since three degrees of freedom, namely, temperature, pressure, 
and composition, are possible in a two component system, a complete 
graphical representation of the conditions of equilibrium requires 
the use of three dimensions. Solid models are frequently employed 
in this connection. With solid-liquid systems, it is convenient to 
disregard the vapor phase arrl to fix an arbitrary constant pressure. 
It must be emphasized that since tbe pressure is generally not the 
equilibrium value, the system as a whole is not in true equilibrium, 
but for a solid liquid system the effect of pressure is relatively 
small, and the measurements made under atmospheric pressure will be 
very little different from those which would be obtained if the 
solid and liquid had been in equili brium under their own vapor 
pressure (18). In this investigation, therefore, a.tmospheric 
pressure was arbitrarily constant, and the only two variables were 
temperature and composition. -
A three dimensional model represented a plot of composition 
against the freezing points in degree Centigrade. The base of the 
model corresponded to the size of the equilateral triangle repre-
senting both binary and ternary composition. Freezing points of 
each solution were represented by the height of the model at that 
composition on the base. The model was constructed to scale in 
height with three-sixteenths of one inch representing one degree 
Centigrade. 
32 
The faces of the model were bounded by the binary systems: 
cyclohexane -- cyclohexanol, cyclohexane - - cyclohexanone, and cyclo-
hexanone -- cyclohexanol . The area inside the triangle represented 
ternary composition and their freezing points . 
33 
Figure 11 . Solid Prismatic Freezing Point Model 
34 
Absolute Densities 
One of the most important measurable physical properties of 
matter is the density or the mass of unit volume. Being very accu-
rate and convenient, the pycnometer method was used to determine the 
relative densities of the ternary system: cyclohexane, cyclohexanol, 
and cyclohexanone. 
However, in this method for exact determinations the weight of 
air in the empty pycnometer as well as the buoyancy of air correction 
must be made to determine the "weight in vacuo" (19). The true weight 
of the empty pycnometer of 2801387 grams was found as follows: 
Go = G+ G [(0.0012/d) ( 0.0012/8 .4)] 
where, Go = true weight of pycnometer 
G = apparent weight of pycnometer 
d = density of pyrex pycnometer or 2.25 g/cc. 
0.0012 g/cc = density of air 
8.4 g/cc = density of brass weights (19). 
The pycnometer was filled with distilled water which had been 
boiled to remove dissolved gases, cooled, and allowed to remain in 
the Sargent constant temperature water bath of 30° C for at least 
one hour to assure thermal equilibrium. This temperature was chosen 
because cyclohexanol freezes at 23.9° c. 
After thoroughly removing excess water from the sides of the 
filled pycnometer, it was weighed on a Christian Becker Model .AB-4 
analytical balance . Subt r acting the weight of the empty pycnometer 
from this value gives the weight of the water. Three trial weights 
were taken as a check for accuracy . 
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The sixty-six sample solutions were also placed in the water 
bath for at least one hour, and the weight of each solution was deter-
mined in the same manner as water. 
Calculations for the densities of the liquids were performed as 
follows: 
and, 
or, 
or, 
weight of liquid 
weight of water = relative weight of liquid 
absolute density of liquid 
absolute denaity of water = relative density of liquid 
absolute density of liquid= (relative density of liquid) (abs-
elute density of water at 30° C.) 
absolute density of l i quid = wt . liquid 
wt. water (0.99567) 
where, 0.99567 g/cc = density of water at 30° C. 
The density values figured from five place logarithms are listed 
in the tables are rounded to four places. 
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TABLE VII 
BIN.ARY ABSOLUTE DENSITIES 
System: Cyclohexane -- Cyclohexanol 
Mole % Mole% Absolute 30 ) Solution No. Cyclohexane Cyclohexanol Density (d4 
1 100 0 007693 
2 90 10 o. 7867 
3 80 20 0.8029 
4 70 30 0.8208 
5 60 40 0.8368 
6 50 50 o.8540 
7 40 60 0.8729 
8 30 70 0.8897 
9 20 Bo 0.9074 
10 10 90 0.9247 
11 0 100 0.9413 
System: Cyclohexane -- Cyclohexanone 
Mole% Mole % Absolute (dlo) Solution No. Cyclohexane Cyclohexanone Density 
l 100 0 0.7693 
12 90 10 0.7849 
13 80 20 0.8014 
14 70 30 0.8174 
15 60 40 0.8362 
16 50 50 o.8538 
17 40 60 o.8688 
18 30 70 0.8870 
19 20 80 0.9042 
20 10 90 0.9198 
21 0 100 0.9367 
Solution No. 
11 
2? 
23 
24 
25 
26 
27 
28 
29 
30 
21 
System: 
TABLE VII (Continued) 
BIN.ARY .ABSOLUTE DENSITIES 
Cyclohexanol -- Cyclohexanone 
Mole% Mole% 
Cyclohexanol Cyclohexanone 
100 0 
90 10 
Bo 20 
70 30 
60 40 
50 50 
40 60 
JO 70 
20 80 
10 90 
0 100 
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Absolute (dtO) Density 
0.9413 
0.9395 
0.9381 
0.9377 
0.9375 
0.9373 
0.9370 
0.9369 
0.9367 
0.9367 
0.9367 
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TABLE VIII 
TERN.ARY .ABSOLUTE DENSITIES 
Series: 10% Cyclohexanone 
Mole% Mole% Absolute (deo) Solution No. Cyclohexane Cyclohexanol Density 
31 10 Bo 0.9234 
32 20 70 0.9060 
33 30 60 o.8876 
34 40 50 008715 
35 50 40 o.8537 
36 60 30 0.8388 
37 70 20 0.8187 
38 Bo 10 0.8036 
Series: 20% Cyclohexanone 
Mole% Mole% Absolute (dlo) Solution No. Cyclohexane Cyclohexanol Density 
39 10 70 0.9223 
40 20 60 0.9049 
41 30 50 008876 
42 40 40 0.8704 
43 50 30 o.8527 
44 60 20 Oo8J.$U 
45 70 10 0.8175 
Solution No. 
4lb 
47 
48 
49 
50 
51 
Solution No. 
52 
53 
54 
55 
56 
Solution No. 
57 
58 
59 
60 
TABLE VIII (Continued) 
TERNARY ABSOLUTE DENSITIES 
Series: 30% Cyclohexanone 
Mole % Mole% 
Cyclohexane Cyclohexanol 
10 60 
20 50 
30 40 
40 30 
50 20 
60 10 
Series: 40% Cyclohexanone 
Mole % Mole% 
Cyclohexane Cyclohexanol 
10 50 
20 40 
30 30 
40 20 
50 10 
Series: 50% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 40 
20 30 
30 20 
40 10 
40 
Absolute 30 
Density (d4 ) 
0.9218 
0.9048 
0.8860 
0.8716 
o.8511 
o.8344 
Absolute (deo) Density 
0.9214 
0.9038 
o.8859 
0.8682 
o.8512 
Absolute 30 
Density (d4) 
0.921.3 
0.9026 
o.8846 
008677 
Solution No. 
61 
62 
63 
Solution No . 
64 
65 
Solution No. 
66 
TABLE VIII (Continued) 
TERNARY _ABSOLUTE DENSITIES 
Series: 60% Cyclohexanone 
Mole % 
Cyclohexane 
10 
20 
30 
Series: 
Mole% 
Cyclohexane 
10 
20 
70% 
Mole% 
Cyclohexanol 
30 
20 
10 
Cyclohexanone 
Mole% 
Cyclohexanol 
20 
10 
Series: 80% Cyclohexanone 
Mole% 
Cyclohexane 
10 
Mole% 
Cyclohexanol 
10 
Absolute 
Density 
0.9202 
0.9024 
o.8859 
Absolute 
Density 
0.9176 
0.9015 
Absolute 
Density 
0.9191 
41 
30 
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Refractive Indices 
Refractive indices of the binary and ternary system: cyclo-
hexane, cyclohexanol, md cyclohexanone were de t ermined by t he use 
of an Abb{ Refractometer -which was manufactured by the Bausch and 
Lomb Optical Company . This instrument was used with "White light 
(daylight) because it WM manufactured to give values for t he yellow 
D line of sodium when used with white light. 
When white light is used, the border l i ne of total reflection, 
i nstead of being clean and sharp, appears as a band of color ed light. 
This is due to the unequal refraction of the different wave lengths 
of white light. Since this field may be achromatized by use of 
compensat i on prisms, all refractive indices were taken when the 
l ine is sharpest or the edge is just turning blue. 
The refractometer was connected with rubber tubing to a Sargent 
constant temperature water b~th which was pre-set at 27° C. with a 
~ari ation of ~ 0 . 01° Co This temperature wi thi n these limit s through-
out the entire determination . 
alpha-Br omonaphthalene provided the s t andard for adjustment 
of the refractometer . Several readings of distilled water were also 
taken as a further check for accuracy . Clean, dry capi llary tubes 
were used to place several drops of solution on t he prisms. After 
each refractive index was recorded, the solution was r emoved from 
the prisms by washing thoroughly with ether on absorbent cotton. 
The prisms were then wiped with clean cott on and allowed to dry. 
ea:::_ so 
- ;:e - ::i :.es a..--e -·.:, ,,.,...• - ,,.. Co'- - " e:.i: _ ... -.:_a :-e a.c.i::6 s • 
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TABLE IX 
BINARY REFRACTIVE INDICES 
System: Cyclohexane -- Cyclohexanol 
Mole% Mole% Refractive ( 27 
Solution No. Cyclohexane Cyclohexanol Index Tin ) 
1 100 0 1.4239 
2 90 10 1.4288 
3 80 20 1.4335 
4 70 30 1.4376 
5 60 40 1.4413 
6 5o 50 1.4458 
7 40 60 1.4502 
8 30 70 1.4549 
9 20 80 1.4588 
10 10 90 1.4618 
11 0 100 1.4647 
System: Cyclohexane -- Cyclohexanone 
Mole% Mole % Refractive ( 27 
Solution No. Cyclohexane Cyclohexanone Index ) 
1 100 0 1.4239 
12 90 10 1.4260 
13 80 20 1.4381 
14 70 30 1.4309 
15 60 40 1.4332 
16 50 50 1.4358 
17 40 60 1.4388 
18 30 70 1.4412 
19 20 80 1.4437 
20 10 90 1.4462 
21 0 100 1.4481 
Solution No. 
11 
22 
23 
24 
25 
26 
27 
28 
29 
30 
21 
TABLE IX (Continued) 
BIN.ARY REFRACTIVE INDICES 
System: Cyclohexanol -- Cyclohexanone 
Mole% Mole % Refractive 
Cycl ohexanol Cyclohexanone Index 
100 Q, 1.4647 
90 10 1.4625 
Bo 20 1.4708 
70 30 1.4590 
60 40 1.4573 
50 50 1.4555 
40 60 1.1 .. 638 
30 70 1.4522 
20 80 1.4509 
10 90 1.4498 
0 100 1.4481 
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TABLE X 
TERNARY REFRACTIVE INDICES 
Series : 10% Cyclohexanone 
Mole% Mole% Refractive (~7) Solution No. Cyclohexane Cyclohexanol Index 
31 10 80 1.4.592 
32 20 70 1.4.561 
33 30 60 1.4.528 
34 40 .50 1.448.5 
3.5 .50 40 104442 
36 60 30 1.4409 
37 70 20 1.43.59 
38 80 10 1.430.5 
Series: 20% Cyclohexanone 
Mole% Mole% Refractive (~7) 
Solution No. Cyclohexane Cyclohexanol Index 
39 10 70 1.4.56.5 
40 20 60 1.4.53.5 
41 30 .50 1.4.501 
42 40 40 1.4452 
43 .50 30 1.4415 
44 60 20 1.4383 
45 70 10 1.4332 
Solution No . 
46 
47 
48 
49 
50 
51 
Solution No. 
52 
53 
54 
55 
56 
Solution No. 
57 
58 
59 
60 
TABLE X (Continued) 
TERNARY REFRACTIVE INDICES 
Series: JO% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 60 
20 so 
30 40 
40 30 
50 20 
60 10 
Series: 40% Cyclohexanone 
Mole % Mole% 
Cyclohexane Cyclohexanol 
10 So 
20 40 
30 30 
40 20 
so 10 
Series : So% Cyclohexanone 
Mole % Mole% 
Cyclohexane Cyclohexanol 
10 40 
20 30 
30 20 
40 10 
49 
Refractive( 27 
Index I1r)) 
1.4558 
1.4518 
1.4480 
1.4440 
1.4400 
1.4350 
Refractive(~7) 
Index 
1.4541 
1.4508 
1.4452 
1.4413 
1.4381 
Refractive ( 27 
Index ) 
104522 
1.4485 
1.4450 
1.4420 
Solution No. 
61 
62 
63 
Solution No . 
64 
65 
Solution No . 
66 
TABLE X (Continued) 
TERNARY REFRACTIVE INDICES 
Series: 60% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 30 
20 20 
30 10 
Series: 70% Cyclohexanone 
Mole% Mole% 
Cyclohexane Cyclohexanol 
10 20 
20 10 
Series: 80% Cyclohexanon.e 
50 
Refractivfn27) 
Index D 
1 . 4507 
1.4462 
1.4421 
Refractive ( 27 
Index ) 
1.4511 
1.4455 
Mole% 
Cyclohexane 
Mole% Refractive (~7) 
Cyclohexanol Index D 
10 10 1.4475 
1.4640 
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SUMMARY 
Experimental information offered by this investigation indicates 
that the binary system of cyclohexane and cyclohexanol gives a simple 
freezing-point depression curve in which the freezing points of vari-
able mixtures lie between the freezing points of the pure components. 
The binary system cyclohexanol and cyclohexanone has an apparent 
submerged freezing point, whereas, the system of cyclohexane and 
cyclohexanone gives a simple freezing point curve of intermediate 
freezing point mixtures. 
The ternary freezing points of the 10 and 20 per cent cyclo-
hexanone series were similar to tre curve exhibited by the cyclo-
hexane and cyclohexanol binary system. However, beginning with the 
30% cyclohexanone ternary series, evidence appears of possible 
addition compound formation probably caused by bonding between the 
enol and keto formso Ternary freezing point curves indicate an 
apparent ternary eutectic, or a eutectic line, lying along a com-
position of 10 mole per cent cyclohexane. This is probably caused 
by the association or compound formation just described. 
The refractive indices and density values plotted against 
composition give mostly straight lines with a few deviations. This 
evidence supports the belief that the refractive indices and 
densities as physical properties of the system: cyclohexane, 
cyclohexanol, and cyclohexanone are additive in nature. 
53 
If an investigation of the ultraviolet or infrared absorption 
spectra of cyclohexanol and cyclohexanone were made, further infor-
mation might be imparted as to the possible hydrogen bonding between 
the keto and enol forms. It is possible that a determination of 
the dielectric constants of this system would also yield further 
information as explanations for possible dipoles or dipolar effects. 
It is recommended that such investigations be carried out. 
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